Introduction
The modern cognitive tradition of the study of motion event encoding originates with Talmy (1985 Talmy ( , 1991 , who postulated the now well-known difference between so-called 'verb-framed' and 'satellite-framed' languages. Central concepts in Talmy's (1985 Talmy's ( , 1991 framework are path and manner. Path refers to the path or trajectory that a person or an object has while moving, while manner refers to the way in which a person or an object moves (for instance, by flying, swimming or walking). Path is encoded on the verb in verb-framed constructions as exemplified by the Albanian example in (1), where it is encoded on the verb kaloj 'to pass' . The manner of motion is not overtly expressed in this sentence. Path is encoded on the satellite in satellite-framed constructions, as shown by the Swedish example in (2), where it is encoded on the preposition genom 'through' . The manner is expressed by the verb krypa 'to crawl' in this sentence. These two examples are taken from a parallel corpus of Alice's Adventures in Wonderland, which will be introduced below.
(1) Albanian nëse ende do të vazhdoj të zvogëlohem if still fut fut continue.pres.1sg to melt.pres.1sg do provoj të kaloj nën derë. fut try.pres.1sg to pass.pres.1sg under door.f.indf.acc.sg 'If I continue to melt, I can try to pass under the door' (2) Swedish gör den mig mindre kan jag make.pres 3sg.n 1sg.obj small.comp can.pres.aux 1sg.sbj krypa genom springa-n under don-en crawl.inf through slot-sg.def.ut below door-sg.def.ut ' And if it makes me grow smaller, I can creep under the door' Since Talmy's (1985 Talmy's ( , 1991 seminal work, many people have investigated the encoding of motion events in languages around the world (Aske 1989 , Slobin & Hoiting 1994 , Slobin 1996 , 2004 , Beavers, Levin & Tham 2010 , Croft et al. 2010 , and others). However, less attention has been paid to diachronic change in motion event encoding. As of yet, little is known about how languages become satelliteframed or verb-framed.
Nevertheless, a few hypotheses on change in motion event encoding have been put forward. Croft et al. (2010: 236) , for instance, extensively discuss the two grammaticalization pathways that lead to unified lexical items, most often verbs that express path (path verbs). These are presented in (3) . Both pathways are concerned with complex motion events in which both path and manner are expressed.
(3) Grammaticalization pathways presented by Croft et al. (2010) a. Coordination > Serialization > Satellite-framed > Verb-Satellite fusion b. Coordination > Verb-framed > Verb-Adverb fusion Croft et al. (2010) describe (3a) as a process in which a complex motion event starts with coordination of two clauses (as in 'John walked and crossed the street'). This construction gives rise to a serial verb construction ('John walked crossed the street'). After this step, one of the verbs of the SVC becomes grammaticalized into a satellite ('John walked across the street'). Then, these satellites fuse again with their verb root to form single roots, most often creating path verbs ('John crossed the street'). In (3b), the coordinated construction changes to a verb-framed construction with a subordinate manner element ('John crossed the street walking'). Then, the verb and the subordinate manner verb or manner adverb merge again into a compound ('John crossed-walking the street') and ultimately merge into a single, semantically bleached root ('John crossed the street'). Both of Croft et al. 's (2010) pathways end in fusion of verb roots and particles, resulting in unified lexical items, most often path verbs. These unified lexical elements can then be coordinated again to express more complex motion events, and the beginnings of the grammaticalization pathways in (3) are reached once more. Another study that discusses diachronic change in motion event encoding is Wälchli (2009: 183-221) . Wälchli studied lexicalization patterns in motion events in a worldwide sample of 117 languages. He focused on the use of path verbs in five different path domains (enter, exit, ascend, descend and pass/cross) in a set of 56 motion clauses in a parallel corpus of the Gospel according to Mark (a Bible text) . An assessment of whether a path domain is predominantly encoded by path verbs or by other types of verbs (including deictic verbs and manner verbs) was made for each domain. Wälchli found that certain languages encode all path domains predominantly with path verbs, such as French, Italian and Spanish, while others encode all path domains predominantly with other types of verbs, such as Latin, Irish and German. Other languages encode some but not all path domains predominantly with path verbs, such as English, Greek and Hindi.
Wälchli finds that there is little genealogical stability for the choice of verb type in his worldwide sample. The same holds for Indo-European. None of the subgroups of the Indo-European language family behave in a completely unified manner, and the languages of the Indo-Iranian subgroup even range across the entire scale of path lexicalization -some languages use path verbs for all path domains, while others do not use path verbs for any of the path domains. To explain these results, Wälchli proposes the existence of an areal pattern rather than a genealogical one: "Languages in Northern and Central Europe (including Finnic and Hungarian) as well as in the Caucasus (except Armenian) tend to lack route verbs [path verbs, AV]" (p. 214). Even though languages that do not use path verbs are found all around the world, they seem to be most common in the area mentioned above. Wälchli also finds that no language family larger than a subfamily such as Germanic lacks path verbs altogether. He suggests that languages tend to acquire new path verbs with relative ease due to a variety of mechanisms, including the univerbation of adverbial path markers with verb stems (Croft et al. 2010 's first grammaticalization pathway, see 3a) and borrowing. Croft et al. (2010) indicate that there are clear grammaticalization pathways for diachronic change in motion event encoding constructions. Wälchli (2009) suggests that languages may move through these grammaticalization pathways at a steady pace, as even closely related languages may behave quite differently. However, none of these claims have been tested on a full-scale study of motion event encoding in a single language family. This article aims to fill that gap.
The current article is an investigation of diachronic change in motion event encoding in the Indo-European language family. Specifically, it investigates whether the application of phylogenetic comparative analysis on contemporary language data can provide support for one of the following two hypotheses: (i) the hypothesis that Proto-Indo-European was satellite-framed, as proposed by Talmy (2007) and Acedo Matellán & Mateu (2008) , and (ii) the hypothesis that Proto-IndoEuropean was typologically mixed, as suggested by a review of the comparative work on the ancient Indo-European languages presented in Section 2. The question of whether Proto-Indo-European was satellite-framed or mixed was investigated using the available historical-comparative data from ancient Indo-European languages such as Latin, Homeric Greek and Vedic Sanskrit as well as using phylogenetic comparative methods that are also employed by evolutionary biologists. In particular, a method called ancestral state estimation is used to infer the behavior of the now extinct ancestors of contemporary languages on the basis of the behavior of modern languages by finding the evolutionary model that has the best fit to the modern data. For the ancestral state reconstruction, comparable usage data on motion event encoding from a sample of twenty contemporary Indo-European languages were used (English, Dutch, German, Swedish from Germanic, Irish from Celtic, Portuguese, French, Italian, Romanian from Romance, Russian, Polish, Serbo-Croatian, Latvian, Lithuanian from Balto-Slavic, Hindi, Nepali, Persian from Indo-Iranian, Albanian, Armenian and Modern Greek). This dataset is taken from a parallel corpus of two novels: Alice's Adventures in Wonderland by Lewis Carroll and O Alquimista 'The Alchemist' by Paulo Coelho.
Given the availability of data from the ancient Indo-European languages such as Latin, Ancient Greek, Vedic Sanskrit, Old Church Slavonic, Gothic and Classical Armenian, it would have been possible to investigate motion event encoding in Proto-Indo-European using corpora of these ancient languages. The best parallel corpus of ancient Indo-European languages that is currently available is the New Testament, which is available in Latin, Ancient Greek, Old Church Slavonic, Gothic and Classical Armenian (Haug & Jøhndal 2008) . However, I have chosen not to use this corpus because the New Testament is not a particularly rich source for Talmian motion data. The New Testament lacks instances of the satellite-framed construction with a manner verb and a path satellite (see again example 2) that is diagnostic for the study of Talmian motion event encoding (see also Beavers, Levin & Tham 2010 : 332, Croft et al. 2010 . The satellite-framed construction is diagnostic because it is typically translated with a satellite-framed construction in a satellite-framed language, but translated with a verb-framed construction in a verb-framed language (Slobin 2005) . Manner is typically added in about 25% of the constructions when translating a text in a verb-framed language to a satelliteframed language, whereas manner is deleted in about 50% of the constructions when translating a text in a satellite-framed language to a verb-framed language (Slobin 1996: 212) . Given this discrepancy, instances of both the satellite-framed construction as well as instances of the verb-framed construction are needed for the most optimal characterization of motion event encoding in a given language. The New Testament unfortunately cannot offer both. This is in part due to a lack of manner verbs, as well as to a tendency to use manner verbs in descriptions of activities (e.g. 'The man walked') instead of descriptions of motion events (e.g. 'The man walked into the room'). An illustration of these issues in the New Testament and a comparison with a corpus of the two English Alice novels by Lewis Carroll is given in Appendix 1.
Another problem with the use of Bible texts is that they are written in a religious register that restricts translational freedom to at least some extent. The study of cross-linguistic motion event encoding has been done using parallel corpora in the past, and one of the findings has been that in translations from a verb-framed language to a satellite-framed language, manner information may be added, while in translations from a satellite-framed language to a verb-framed language, manner information is often deleted -this is done in order to approach the native motion encoding patterns (Slobin 1996 , Baicchi 2005 . The religious convention to translate the Bible in such a way that it stays close to the original text might interfere with the artistic freedom that would be needed to translate motion events in the most natural way. Given these disadvantages associated with the use of the New Testament for motion event encoding, the decision was made to use the parallel corpus consisting of the two modern novels mentioned above. The use of contemporary data admittedly does add a further dimension to the analysis in the sense that the contemporary languages are removed further in time from Proto-Indo-European than the ancient Indo-European languages such as Latin, Vedic Sanskrit and Ancient Greek. However, adding this dimension is compensated by the high quality data that becomes accessible by using data from a parallel corpus of contemporary language use.
In the current article, I use ancestral state estimation analyses to infer the motion event encoding system of Proto-Indo-European, the ancestor of all IndoEuropean languages. The use of ancestral state estimation analyses on data from contemporary languages allows me to draw a comprehensive picture of typological change from, for instance, the reconstructed Proto-Indo-European language to the non-attested reconstructed Proto-Germanic language, and from Proto-Germanic to the contemporary Germanic languages. The information on motion event encoding in the ancient Indo-European languages is incorporated in the current analysis as much as possible. However, note that the information on motion event encoding in ancient languages is mostly concerned with qualitative descriptions of different motion constructions. The data presented in this article is concerned with quantitative analysis of the use of different motion constructions in a corpus, and therefore this article goes beyond stating which constructions are attested.
The historical-comparative data is presented in Section 2, while the contemporary data from the parallel corpus is presented in Section 3. The phylogenetic comparative methods that are employed are described in Section 4. The results of these analyses are presented in Section 5. A general discussion of the findings is given in Section 6, while future directions and a general conclusion are provided in Section 7.
2. The historical-comparative evidence for diachronic change in IndoEuropean motion event encoding Talmy (2007) and Acedo Matellán & Mateu (2008) have proposed that ProtoIndo-European was satellite-framed on the basis of motion event encoding of several ancient Indo-European languages:
For their characteristic representation of Motion events, Latin, Classical Greek and Proto-Germanic all exhibited the presumably Indo-European pattern of using Co-event-conflating verb roots [manner verbs, AV] together with Path satellites that formed prefixes on the verb roots. (Talmy 2007: 154) Their claim is based on the existence of a specific satellite-framed construction in these ancient or reconstructed Indo-European languages, a construction in which path was encoded on adverbial particles. The most ancient Indo-European languages (Greek, Hittite, Vedic Sanskrit, Avestan and Old Persian) were characterized by a relatively free word order, in which these adverbial particles moved freely within the sentence as modifiers of verbs and nouns (Delbrück 1888 , 1893 , Speyer 1896 , Whitney 1879 , Kuryłowicz 1964 , Watkins 1964 , Hofmann & Szantyr 1965 , Lehmann 1974 : 116ff., 212ff., 228ff., 233ff., Penney 1989 , Hewson & Bubenik 2006 : 358ff., Luraghi 2010 . These adverbial particles are called "preverbs" when they function as modifiers of verbs. Examples of their different functions are provided in (4) , in which epí is a preverb that is separated from its verb (a process called "tmesis") and in (5) , in which epí is an adposition, which could have been placed in several different places in the sentence (examples taken from Hewson & Bubenik 2006: 5-6 Preverbs were used to encode path in satellite-framed constructions such as (4) , in which epí encodes that the darkness is coming towards a reference point, presumably the speaker. This was true for most ancient Indo-European languages, such as Homeric Greek, Hittite, Vedic Sanskrit, Tocharian, Avestan and Old Persian, and therefore the preverb system is reconstructed to be Proto-Indo-European. Some of these preverbs encoded deictic reference rather than path and were used in the ancient Indo-European languages to encode deixis. Most ancient Indo-European languages (except Hittite) lacked deictic verbs, a situation that can still be observed in modern Balto-Slavic languages. For these reasons, the changes with regard to the preverb system that occurred as the contemporary Indo-European languages emerged are of great importance if diachronic change in Indo-European motion event encoding is to be understood. Today, none of the contemporary Indo-European languages posses the preverb system as it is attested in the ancient Indo-European languages. However, what was originally the preverb system has morphed into systems of verbal path prefixes, prepositions and postpositions that are attested in the modern languages. For some subgroups of Indo-European, one can see or reconstruct with some confidence how the preverb system has changed over time, giving rise to the motion encoding constructions that we see today. For others, this is more difficult. In this Section, I present an account of changes to the preverb system for the different Indo-European subgroups.
One of the best-documented cases of typological change in motion event encoding is the change of satellite-framed Latin to the verb-framed Modern Romance languages (Acedo Matellán & Mateu 2008 , Vincent 1999 , Dufresne, Dupuis & Tremblay 2003 . In Latin, the free adverbial particles had been transformed to a system of verbal path prefixes and prepositions (Hofmann & Szantyr 1965 : 21ff., Leumann 1977 . The modern Romance languages shifted from this satellite-framed system to a verb-framed system. Kopecka (2006 Kopecka ( , 2009 describes extensively how French became verb-framed: verb stems were fused together with the path prefixes inherited from Latin, and ultimately the path prefixes lost their productivity completely.
However, not all Romance languages seem to be completely verb-framed. Italian is reported to have satellite-framed constructions with a limited set of verbs (Folli & Ramchand 2001 . Italian can also make use of a satellite-framed construction using a set of post-verbal particles that are used both with path verbs and with manner verbs (Masini 2005 , Iacobini & Masini 2006 . Brucale, Iacobini & Mocciaro (2011) and Brucale (2011) , who study Classical Latin, show that Latin might not be completely satellite-framed either. Their studies suggest that even though it was possible to use the satellite-framed construction in Classical Latin, it might not have been used very often at all. Ferrari & Mosca (2010: 320) seem to support this view when they describe Latin as an "unstable" language in which path is distributed over three linguistic elements (preverbs, prepositions and cases) . Even though it is clear that the satellite-framed construction was productive in Latin, corpus studies are needed to tell us how often it was used in order to assess the exact magnitude of the change from Latin to the Romance languages. The same applies to most other ancient Indo-European languages discussed in this article -there exist virtually no quantitative corpus studies of motion event encoding.
A similar change took place in the Indo-Aryan languages: the preverbs that were present in Vedic Sanskrit (for an overview see Danesi 2013) became more fixed and developed into a system of postpositions (Speyer 1896 , Bloch 1965 . They also became more closely associated with the verb and in the end merged with verb roots altogether: "Preverbs are shown by etymology to exist at the beginning of many modern verbs commencing with o-or u- (apa-, ava-, ud-) (Bloch 1965 : 158, italicization mine). Speyer (1896: 47) writes that this univerbation process took place during the transition from Vedic Sanskrit to Classical Sanskrit. Hindi, the only Indo-Aryan language to be studied from a Talmian perspective, is verb-framed (Narasimhan 1998) .
The same change also took place in the Iranian languages. Western Middle Iranian lost all the case distinctions of Old Iranian, and all the adverbial cases had to be realized using prepositions, giving rise to the Modern Persian system of prepositions (Hewson & Bubenik 2006: 131ff.) . The preverbs that were closely associated with verbs became verbal prefixes. Most of these prefixes were used to encode path. Kent (1950) lists thirteen prefixes for Old Persian, while Windfuhr (2009) lists six for Western Middle Iranian and five for Modern Persian. Of these five Modern Persian preverbs, three are related to Proto-Indo-European preverbs: bar 'up' , bāz 're-, again' and farā 'forth' . A reduced version of the preverb system is therefore still in place in Modern Persian. However, most spatial preverbs have become obsolete or have merged with verb roots, in some cases having created path verbs such as āvordan 'to bring' . As is well known, the most productive system to create verbs in Modern Persian, including path verbs, is the compounding of nouns, adverbs and prepositions with light verbs to create compound verbs (Lambton 1953 : 85ff., Mahootian 1997 .
For Homeric Greek, it is clear that the free word order of the path encoding adverbial particles becomes more fixed over time (Schwyzer 1950) . This leads to the development of the prepositional phrase in Classical Greek (Hewson & Bubenik 2006: 59ff) . The preverbs also underwent processes of univerbation with the verb root (Skopeteas 2002: 164ff., 349ff.) . For Homeric Greek, Imbert (2010) lists fourteen adverbial path particles that were productive as adverbs, preverbs and adpositions (amphí, aná, apó, diá, eis, ek, en, epí, hupér, hupó, katá, pará, perí and pró) . For Modern Greek, Holton, Mackridge & Philippaki-Warburton (1997: 180) list nine of these that may function as prefixes on verbs and as prepositions (ana, apó, dia, ek, huper, hupo, katá, pará and pró) . It is clear that many Modern Greek verbs are the result of univerbation between preverbs and verb roots that took place in the development from Homeric Greek to Modern Greek (e.g. the range of verbs derived from bállo 'to throw, to put' listed by Holton, Mackridge & PhilippakiWarburton 1997: 180) . Many of the preverb-verb combinations no longer have compositional meanings, suggesting that these have become unified lexical elements (Skopeteas 2002) . Modern Greek is said to be verb-framed (Papafragou, Massey & Gleitman 2002 or mixed (Talmy 2007 : 105, Skopeteas 2002 .
Although not much is known on motion event encoding in Hittite, work by Brosch (2013) and Junghänel (in preparation) suggests that Hittite mostly preserved the Proto-Indo-European system of free path particles and thus was satellite-framed. However, Brosch (2013: 442) notes that even though Hittite is mostly satellite-framed, there are at least two path verbs, which may suggest an ongoing change from a satellite-framed to a verb-framed system. In addition, he also claims that Hittite has a very restricted manner verb lexicon, while it has a rich lexicon of verbs that encode deictic information (p. 326-327). Junghänel (in preparation) tentatively notes that Lydian (an Anatolian language attested in 100 bce) employs a system of path prefixes, suggesting a potential change towards a verb-framed system for the Anatolian languages.
There is some information on Armenian from Wälchli's (2009: 215) study of lexicalization patterns that suggests that Classical Armenian was already verbframed to the same extent as the modern Romance languages. This suggests that a change from a hypothetical satellite-framed system in Proto-Indo-European to a verb-framed system must have been completed before the arrival of Classical Armenian. This is also suggested by Schmitt (1981: 86) , who points out that preverb-verb combinations only rarely feature in Classical Armenian. Rather than fusing its preverbs with verbs in a later stage, the productive use of preverbs was already obsolete in Classical Armenian.
The shift from a preverb system to a prepositional system is attested in Albanian as well, suggested by several adverbs and prepositions that are cognate with ProtoIndo-European preverbs (jashtë 'out' , ndë 'into' , nga 'from' , para 'before' , për 'for' , etc.). Albanian also has a range of verbal path prefixes that are cognate with the preverbs recognized in Homeric Greek, Latin and Sanskrit (Orel 2000: 167) . Orel (2000) provides evidence that, also in parallel to Modern Greek and the Romance languages, a process of univerbation of verbal prefixes with verb roots has taken place. Motion verbs in which this process can be detected are ndjek 'to follow' , ngre 'to lift' and përshkoj 'to go through' . Prefixation is still a productive means for verb derivation, although the majority of the prefixes used today are innovations, and none have spatial meanings (Camaj 1984: 208ff.) .
Univerbation between preverbs and verb roots seems also to have taken place in Celtic. The preverb system gave rise to both a system of prepositions and verbal prefixes in Old Irish (Pokorny 1925: 98ff.) . Pokorny lists 22 preverbs that functioned as verbal prefixes, many of which had cognate prepositions. The prepositional system is still in place in Modern Irish, but none of the verbal prefixes are still productive. The remnants of this system can be found in certain motion verbs where prefixes merged with verb roots, such as Irish fág 'leave' and Gaelic fuadaich 'drive away' .
For the Balto-Slavic languages, the preverb system has been grammaticalized into a system of prefixes that are inseparable from the verb and that often have corresponding prepositions (Miklosich 1868: 195ff) . This system is still in place in the modern Baltic and Slavic languages. The majority of these prefixes are cognate with preverbs in Indo-European languages such as Sanskrit and Homeric Greek. Slobin (2005) and Croft et al. (2010) report that although the Slavic languages are satellite-framed, the path prefixes are merging with verb roots, deriving verbframed-like patterns or complex verbs that denote manner and path at the same time. The tendency of prefix-verb combinations to grammaticalize into monomorphemic verbs is attested not only for prefixes that denote path, but for all prefixes (Townsend 1968 : 116-134, Bielec 1998 .
In Germanic, the free adverbial particles developed into a system of prepositions and separable and inseparable verbal elements that is still seen in modern Germanic languages (Roberts 1936 , Goetz 2006 , which are satellite-framed (Slobin 1996 (Slobin , 2005 .
Taking these data on diachronic change in Indo-European languages, it seems clear that the last stage of Croft et al. (2010) 's first grammaticalization pathway (cf. 3a) is attested in all Indo-European subgroups. The preverbs that were used in satellite-framed constructions merged with verb roots to create path verbs. This diachronic change is found in all Indo-European subgroups, albeit to different extents. In the Romance languages and the Indo-Iranian languages, this change has lead to the emergence of path verbs and the increased use of the verb-framed construction, while in Germanic and Balto-Slavic it has resulted in some univerbated verbs (such as Dutch binnen-vallen 'lit. inside-fall, i.e. to visit unexpectedly'), but it has not led to a shift away from using the satellite-framed construction.
The data presented in this Section lend support to the claim that Proto-IndoEuropean could make use of the satellite-framed construction, as there is evidence for the existence of the satellite-framed construction in Latin, Hittite, Ancient Greek, Old Irish and Vedic Sanskrit. This is also why Talmy (2007) and Acedo Matellán & Mateu (2008) have proposed that Proto-Indo-European was satelliteframed. However, it remains unclear whether the satellite-framed construction was the most frequently used motion encoding construction in these languages. As we have seen, Brucale, Iacobini & Mocciaro (2011) and Brucale (2011) point out that in Latin, the satellite-framed construction was not used as often as suspected earlier, and Brosch observes that in Hittite, the manner verb lexicon was quite small (path satellites were most often used in combination with deictic verbs). Therefore, the overview of historical-comparative data on motion in the ancient Indo-European languages presented in the current Section gives rise to the alternative hypothesis that Proto-Indo-European was typologically mixed, rather than strictly satellite-framed.
In the remainder of this article, the behavior of Proto-Indo-European is investigated further using data from contemporary languages and ancient languages. The dataset consists of sophisticated and detailed data on the use of motion event encoding constructions and has been checked by native speakers (a type of data which is unavailable for any of the ancient Indo-European languages). It allows me to provide a first impression of the usage of different motion event encoding constructions in Proto-Indo-European, and thus goes beyond claiming that ProtoIndo-European could employ the satellite-framed construction, which is without any doubt given the historical-comparative evidence. The contemporary dataset is introduced in the next Section.
The contemporary dataset on Indo-European motion event encoding

The parallel corpus
The current dataset is a parallel corpus of motion events in twenty Indo-European languages (English, Dutch, German and Swedish from Germanic, Irish from Celtic, Portuguese, French, Italian and Romanian from Romance, Russian, Polish, Serbo-Croatian, Latvian and Lithuanian from Balto-Slavic, Hindi, Nepali and Persian from Indo-Iranian, Albanian, Armenian and Modern Greek) taken from two novels: Alice's Adventures in Wonderland by Lewis Carroll and O Alquimista 'The Alchemist' by Paulo Coelho. These two novels were chosen because they have been translated into a wide range of Indo-European languages, and their continuing popularity enabled their easy acquisition.
All descriptions of motion events were extracted from these two books. Motion events were defined as situations in which an animate or inanimate being moved from one place to another (Özçaliskan & Slobin 2003: 259) . Each motion extract that was picked constitutes a single sentence in which (approximately) a single situation (event or activity) was described (Berman & Slobin 1994: 657) . This selection procedure resulted in a full list of all motion event descriptions in the two novels. From this list, a sample of motion sentences was manually selected that included all the variation that was present in the larger collection, i.e. of each manner verb and each path verb that occurred in the larger sample, at least one instance was included in the smaller sample. The smaller set of selected motion sentences amounts to 118 sentences that encode voluntary (non-causative) motion. The total set of data thus consists of 118 original motion event extracts and their translations in a total of twenty languages.
After the sample of motion event descriptions was decided upon, each sentence was glossed and analyzed with the assistance of a native speaker or a language specialist. The Leipzig glossing rules were used as guidelines for the glossing. The categorization of each motion verb as a manner verb, path verb, deictic verb, manner plus path verb, or a neutral verb was carried out with the assistance of a native speaker.
The coding of the verbs was done using the following definitions. Manner verbs refer to the way a person or an object moves, including the rate (walk), the rhythm, the motor pattern (run), the posture (crawl) and any evaluative factors that might be involved with the movement (sneak) (Slobin 2004: 255) . Path verbs refer to the path or trajectory that a person or an object has while moving, typically with reference to people or objects in the environment (enter, cross). Deictic verbs refer to the trajectory of the person or object as seen from the perspective of the speaker or the addressee. In English, come typically signifies movement towards the speaker, while go typically signifies movement away from the speaker. Manner plus path verbs refer to manner and path at the same time. Examples are Greek skarfalóno 'climb up' and Persian goriḵ tan 'run away' . Neutral verbs refer either to movement that does not incorporate manner, path or deixis, such as move or travel, or that do not refer to movement at all, such as find oneself or continue.
Other components of motion event encoding that were coded included path satellites and alternative manner expressions. Path satellites are defined as all nonpredicative elements that indicate (a part of) the path of the moving person or object. This includes adpositions, adverbs, case markers, verbal prefixes, etc., following the arguments for broadening Talmy (1985: 102) 's original definition of 'path satellite' by Filipović (2007: 35) , Beavers, Levin & Tham (2010: 337) and Croft et al. (2010: 205-206) . Alternative manner expressions can be adverbial expressions that refer to some aspect of the manner of motion or participles of manner verbs. Examples of both types of alternative manner expressions are included in (7) below.
The motion event encoding constructions
The coding of the verbs and other motion event components resulted in a set of motion event encoding constructions that were identified in the dataset (see Verkerk 2014 for more discussion on these constructions). Most of these are well known from the motion event literature, although my definitions are generally narrower.
In the satellite-framed construction, a manner verb is used in combination with a path satellite (see example 6). In the verb-framed construction, a path verb is used in combination with an alternative manner expression (see example 7). In the path-only construction, a path verb is used without any indication of manner (see example 8). These three constructions are familiar from the motion event literature (Talmy 1985 , 1991 , Slobin 1996 .
(6) Dutch en toen ze terug-liep naar het and when 3sg.f.sbj back-walk.pst.sg to def.art tafel-tje om het te pakken (…). table-dim in.order 3sg.n to take.inf 'and when she walked back to the small table to get it (…). ' (7) Portuguese Aproximou-se trotando a toda draw.closer.ind.pfv.3sg-refl trot.pres.ptcp at all.f a brida. def.art.f.sg rein.f 'He drew closer trotting at full speed. '
Alors je vais faire le tour then 1sg.sbj go.pres.1sg do.inf def.art.m tour.m et passer par la fenêtre. and pass.inf through def.art.f window.f 'Then I will go around and pass through the window. '
In certain translations, there is no element that encodes path. In the manner-only construction, just a manner verb is present, without any path information (see example 9).
(9) Armenian na shtap-shtap t'rrch'kot-el-ov k'ayl-um er 3sg.sbj hurriedly-hurriedly trot-inf-ins walk-pres.ptcp be.aux.3sg.pst 'He was hurriedly walking with a trot' When the only verb in the sentence is a manner plus path verb, and there is no other information on the path of the motion, the manner plus path verb construction is used, as in (10): (10) Italian e scavalc-ò con un salto il and step.over-3sg.pst with one.m step.m.sg def.art.m.sg primo dei sei piccoli ruscelli. first.m of.def.art.m.pl six small.m.pl brook.m.pl 'and stepped over the first of the six small brooks with one step. '
Several studies have pointed out that deictic verbs should not be placed in the category of path verbs, as has been done in the past (Berthele 2006 , Wälchli 2009 , Verkerk 2014 . Deictic verbs refer to motion with respect to a specific deictic center, rather than to motion that has a certain path. In the deictic verb construction, a deictic verb is the only verb in the clause, and no manner information is provided (see example 11). When a deictic verb is used in combination with an alternative manner expression, the deictic verb-framed construction is used (see example 12).
(11) Persian vali felāmingo-ye u be taraf-e however flamingo-of.ez 3sg to side-of.ez digar-e zamin-e bāzi rafte other-of.ez ground-of.ez playing go.perf.3sg 'however, her flamingo had gone towards the other side of the playing field' (12) Irish agus tháinig ag eitilt anuas uirthi and come.pst at fly.inf downwards on.3sg.f 'and [the playing cards] came flying down upon her'
Aside from the motion event encoding constructions in which just one verb is present, there also exist two constructions that employ two verbs. The subordinate construction involves one main verb and one subordinate verb that both encode aspects of the motion that is encoded (see example 13 and Verkerk 2014). The coordinate construction, also discussed by Croft et al. (2010) , involves two coordinated motion verbs (see example 14). An overview of the frequency of these various motion encoding constructions as they are attested in the 118 sentence sample is given in Figure 1 . Talmy (1985: 62) categorizes languages with respect to their most characteristic motion event encoding construction, meaning that the most characteristic construction is the one that is colloquial, most frequent and pervasive. However, recent studies (Beavers, Levin & Tham 2010 , Croft et al. 2010 ) point out that languages often use a range of different means to encode motion events, and reducing this variety to a single classification does not take into account the attested variability in motion event encoding. The same conclusion is evident from Figure 1 : most languages make use of a multitude of constructions, but do so to different extents.
The languages in Figure 1 have been ordered so that a cline in the use of the satellite-framed construction becomes evident: the Balto-Slavic (except SerboCroatian) and Germanic languages use the satellite-framed construction the most, while Armenian, Albanian and the Indo-Iranian languages Hindi, Nepali and Persian use the satellite-framed construction the least. The Romance languages are in between these two groups. The path-only construction and the verb-framed construction are used most often in Serbo-Croatian, Greek, Albanian and the four Romance languages Italian, Portuguese, Romanian and French. The deictic verb construction is used most often in Irish, the Germanic languages Swedish, English and Dutch and the Indo-Iranian languages Hindi, Nepali and Persian. Most BaltoSlavic languages do not have deictic verbs (see Verkerk 2014 for more discussion on deictic verbs in these languages). The deictic verb-framed construction is only used by languages that also use the deictic verb construction relatively frequently. The coordinate construction and the subordinate construction are used to some extent in Hindi, Nepali and Armenian. The remaining constructions are all quite uncommon throughout the sample. The motion encoding patterns found in Figure 1 correspond to those that have been described in the literature on motion events for several languages from the sample (Verkerk 2014) . In spite of the variability in the use of motion event encoding constructions evident from Figure 1 , it is possible to identify the two traditional Talmian languages types. On the upper side of the plot we find languages that use the satelliteframed construction often, around 40-50% of the time. In the remainder of this article, I follow Slobin (2004) and call these languages manner-salient, reflecting a partial habit to encode manner on the main motion verb. Clear manner-salient languages are Russian, Dutch, Polish, Lithuanian, Swedish, German, English and Latvian. On the lower side of the plot we find languages that use the satelliteframed construction less often and that use the path-only construction and verbframed construction more often. I call these languages path-salient, reflecting their partial tendency to encode path on the main motion verb. Clear path-salient languages are Greek, Italian, Romanian, French, Portuguese and Albanian. The terms manner-salient and path-salient are chosen because it seems clearer to refer to types of languages in this way, rather than by using the name of the construction most commonly used in that language.
However, there are also languages that do not really fit into one of these two traditional classes: Serbo-Croatian, Irish, Hindi, Nepali, Persian and Armenian. The first language, Serbo-Croatian, is currently undergoing a change from manner-salient to path-salient motion event encoding, hence its intermediary position in Figure 1 . The latter five languages make relatively much more use of either the deictic verb construction or the coordinate construction, or both. The fact that these languages are difficult to place in one of Talmy's traditional categories, as well as the variation between the languages that can be placed in Talmy's traditional categories, supports the view that motion encoding systems should not simply be generalized in a two-way dichotomy.
Methodology
The evolutionary behavior of a range of measures describing motion event encoding in the set of Indo-European languages was investigated. Principal component analysis was used to reduce the number of dimensions present in the dataset (Section 4.1). A phylogenetic measure of relatedness was used in order to reconstruct Proto-Indo-European motion event encoding and identify typological changes in motion event encoding. This measure of relatedness, which takes the form of a set of phylogenetic trees, is introduced in Section 4.2. The phylogenetic comparative methods that were employed to perform ancestral state estimation are introduced in Section 4.3.
Data reduction
In Section 3.2, it became clear that the attested variation in motion event encoding could not easily be reduced by assigning each language to a single typological class. However, the phylogenetic comparative methods that are employed in this article required the aggregation of the data into a single value for each language. In order to extrapolate a single value that characterizes the motion encoding pattern of each language, a principal components analysis was conducted. Principal components analysis is a ubiquitous data reduction technique that is used for comparative analysis in linguistics (examples are Baayen 1994 , Calude & Pagel 2011 , Grieve 2014 ). These studies use principal components analysis as a tool to reduce the dimensionality of their measures and to find a single measure that captures most of the variance. Since the use of the different motion event encoding constructions appeared to covary with one another, a principal components analysis was used to reduce the dimensionality present in the dataset.
The principal components analysis was performed on the proportion of usage of each of the nine motion event encoding constructions as presented in Figure 1 . Since the genetic relationships between these languages are likely to explain part of the variance present in the data, I used the phylogenetic principal components analysis proposed by Revell (2009) , which removes part of the variance that can be attributed to these relationships. The results are graphically depicted in Figure 2 . Figure 2 gives the scores of the twenty languages on the first principal component (1st PC) on the x-axis and the scores on the second principal component (2nd PC) on the y-axis. The 1st PC accounts for 79.1% of the variance and can be interpreted as analogous to the Talmy typology: languages to the right use the satellite-framed construction more often, while languages to the left use the pathonly and verb-framed construction more often. The 2nd PC accounts for 9.8% of the variance and relates the amount of use of the deictic verb construction and the deictic verb-framed construction, with languages that sometimes use these two constructions situated at the bottom of the plot. These two principal components together account for 88.9% of the variance. This indicates that the cline based on the Talmy typology and the use of deictic verbs are the two main parameters that characterize motion event encoding in this sample.
The score of each language on the 1st PC is taken to be the position of that language on a Talmian scale that reaches from a maximally path-salient character on the left side of the scale and a maximally manner-salient character on the right hand of the scale. The score of each language on the 2nd PC is used as a measure of how often deictic verbs are used. These scores, together with the proportions of construction usage as presented in Figure 1 , are used for the phylogenetic comparative analyses in Section 4.3. Appendix 2 provides a table with the scores on the 1st PC, the 2nd PC and the proportions of construction usage for each language.
The phylogenetic tree sample
A set of phylogenetic trees was used as a representation of the history of the IndoEuropean language family. This tree set was taken from Bouckaert et al. (2012) and was constructed on the basis of lexical data. Bouckaert et al. constructed a large dataset of cognate-coded lexical data for 103 languages. This dataset was originally based on the dataset by Dyen, Kruskal & Black (1992) but was highly improved by checking cognate judgments and adding languages. This dataset was then recoded in a binary fashion, in which each language was characterized to have a cognate (1) or not (0) for each of the cognate sets. Subsequently, posterior tree distributions were estimated using a Bayesian Markov Chain Monte Carlo approach (Huelsenbeck et al. 2001 ) available in the software BEAST (Drummond et al. 2012) . Sampling from the posterior distribution of estimated trees generated a sample of 12,500 phylogenetic trees. The complete set of cognates used in this type of analysis is never completely compatible with a single tree, but is typically highly compatible with a range of different trees, which Figure 2 . A principal components analysis conducted on the proportion of usage of the nine motion event encodings construction for twenty Indo-European languages often partly feature the same clades (subgroups). Using a sample of trees rather than one individual tree allows one to account for the uncertainty that is a part of every phylogenetic estimation.
I took Bouckaert et al. 's (2012) sample of trees and generated a sample of 1,000 trees for the twenty languages by randomly selecting 1,000 phylogenetic trees and removing from this sample the languages not represented in the current dataset. A maximum clade credibility tree was calculated using TreeAnnotator v.1.6.1 (Drummond et al. 2012 ) and presented in Figure 3 , but the phylogenetic comparative analyses were conducted over all 1,000 trees in order to account for uncertainty in the phylogenetic tree model. The numbers on the branches of the phylogenetic tree in Figure 3 are support-values that indicate how often each clade is attested in the tree sample. For instance, the number for the node that relates Albanian, Modern Greek and Armenian, with a value of 0.38, indicates that this clade is attested in 38% of the trees in the tree sample of 1,000 trees. The lengths of the branches of the tree are a measure of the amount of evolution that has taken place. A longer branch indicates more lexical divergence from the root node, while a shorter branch indicates less lexical change away from the root node. 
Phylogenetic comparative analyses
First, the presence of phylogenetic signal was investigated. When phylogenetic signal is present, this implies that languages behave similarly due to genetic descent. If it is not present, a range of different processes could be involved to generate the data, including lack of variation in the feature, parallel change with other linguistic features, very rapid linguistic change or borrowing.
The presence of phylogenetic signal was tested using the parameter λ (lambda) (Pagel 1999 , Freckleton, Harvey & Pagel 2002 . The parameter λ estimates to what extent the data are evolving exactly as the phylogeny would predict. A perfect match between data and phylogeny would mean that language A would be exactly as similar to language B, as would be predicted by the distance between language A and B on the phylogeny. A maximum value of λ (which is typically 1 but may be higher due to features of the phylogenetic tree) indicates that a trait is evolving exactly as predicted by the phylogeny under a random walk model of evolution, while a value of λ = 0 would indicate that the evolution of the trait is taking place entirely independent from the phylogeny, i.e. completely random with respect to history (Freckleton, Harvey & Pagel 2002) .
The model that is used to estimate λ is a random walk model of evolution, also sometimes called the 'Brownian motion process' . This model allows traits to evolve with a mean change of zero and a constant but unknown variance in each unit of evolutionary "time. " Time may be measured in various ways, for instance in terms of lexical divergence. The evolutionary process that takes place at each unit of "time" unfolds independently from former or future evolutionary processes and occurs along the branches of the phylogeny (Pagel 1999) .
The parameter λ can be estimated by maximum likelihood approaches implemented in various software. Maximum likelihood approaches to phylogenetics describe the likelihood that a certain evolutionary process has given rise to the observed data as opposed to another process generating the observed data. This is useful because it is possible to compare likelihoods across different analyses and evolutionary models. The estimate of λ can be tested for significance using the log-likelihood ratio test that compares the estimated value of λ to the likelihood of a model of evolution in which λ is 0 or 1 (Freckleton, Harvey & Pagel 2002) . If λ is not significantly different from a model of evolution in which λ was set to 1, and significantly different from a model of evolution in which λ was set to 0, it can be argued that phylogenetic signal is clearly present. For the current dataset and the phylogenetic trees described above, λ was estimated using the function phylosig, part of the R (R Development Core Team, 2011) package phytools (Revell 2012) . The estimations of the likelihood of a model in which λ was set to 1 and 0 were conducted using the function fitContinuous, part of the R package GEIGER (Harmon et al. 2008) .
Ancestral state estimation (ASE) was also performed using a maximum likelihood approach, using the random walk model of evolution (Schluter et al. 1997 , Webster 2002 . The estimation of ancestral states is a two-step problem. First, ancestral states for each internal node in the tree are computed as weighted averages of the values of the languages that are connected by that node. The weights are inversely proportional to the branch length that connects the internal node and the descendent language or node, so that descendant languages or nodes that are connected to the internal node with short branches have a larger weight as descendant languages or nodes that are connected to the internal node with longer branches. Second, an algorithm moves from the root towards the languages at the tips of the tree, adjusting the ancestral states of the internal nodes in such a way that the complete phylogeny is considered in the estimation of the most likely ancestral states. This algorithm minimizes the sum of the square of the weighted differences between ancestral nodes and descendent languages and nodes over the whole tree. ASE was conducted using the function getAncStates, part of the R package geiger (Harmon et al. 2008) . Supporting functions in the R package ape (Paradis et al. 2004 ) were used as well.
Other analyses
To measure the degree of dependency between languages due to closeness in geographic space, I conducted a partial Mantel test, which is a measure of spatial autocorrelation. The partial Mantel test was used to calculate the correlation between the motion encoding system and geographical distance while taking into account the phylogenetic distance. The score on the 1st PC was used as a characterization of the motion encoding system. The latitudes and longitudes of the capitals of the nations in which the languages in the sample are spoken were used as a measure of geographical distance. The length of the branches between each set of languages on the maximum clade credibility tree presented in Figure 3 was used as a measure of phylogenetic distance.
First, the partial Mantel analysis tests for the correlation between the three different distance matrices. Second, it tests whether this correlation is statistically significant by permuting the matrices and estimating the correlation repeatedly to compare the original test statistic to the distribution of test statistics from the permutations. In this way, a simulated p-value is generated. The Mantel test was conducted using the function mantel.partial, part of the R package vegan (Oksanen et al. 2012 ).
Results
The test to determine whether a phylogenetic signal was present was conducted on the 1,000 trees sample. The score on the 1st PC was used as a holistic measure of motion event encoding for the twenty languages of the sample. Because a tree sample is used rather than a single tree, we do not have a single estimate of λ, but a range of 1,000 estimates of λ. The parameter λ was estimated to have a range of 0.95-1.28, with a median of 1.16. 1 An overview of the lambda estimates is included in Figure 4 . The estimated lambdas were significantly different from 0 for all 1,000 trees (median p = 4.4 ×10 -6 , range 4.4 ×10 -7 -0.0005). Lambda was estimated not to be significantly different from 1 in a large portion of the trees (the p-value ranged between 0.001-0.04 for 914 trees, and ranged between 0.06-1.00 for the other 86 trees). 2 This indicates that there is a clear phylogenetic signal in these data.
The results of the ancestral state estimation analyses for Proto-Indo-European are presented in Table 1 . Ancestral state estimations were made for a range of different measures, including the score on the 1st PC, the score on the 2nd PC, and the proportion of use for the five most frequently used motion encoding constructions: the satellite-framed construction, the path-only construction, the deictic verb construction, the verb-framed construction, and the deictic verb-framed construction. Since the analyses were conducted over a range of 1,000 trees, the estimates again are ranges rather than single numbers. In Table 1 , the median of the ancestral state estimation analyses over all 1,000 trees in the sample is provided first, followed by the range of ancestral state estimations between brackets. The results in Table 1 indicate that Proto-Indo-European is estimated to be a type of language that is intermediary on the Talmian scale: the ancestral states inferred for the proportion of use of the different motion event encoding constructions are in all cases quite close to the mean values presented in Appendix 2. There seems to be a slight preference for the path-salient side of the scale, as the use of the satellite-framed construction (0.26) is estimated to be slightly lower as the mean value (0.31), and the use of the path-only construction is estimated to be slightly higher (0.33 compared with 0.32). The score on the first principal component (-0.001 compared with 0.05) is also directed in favor of the path-salient side of the scale. The language that seems to come as close as possible to the estimated values is Greek. Greek is path-salient, but is also very close to the middle of the scale of manner-salient and path-salient languages that was presented in Section 3. Note that the estimates for the deictic verb construction and the deictic verbframed construction cannot be interpreted in a meaningful way, as most ancient Indo-European languages and Proto-Indo-European do not have (reconstructed) deictic verbs. The reconstructed Proto-Indo-European verb *ei-'to go' , for instance, is not reconstructed to be a deictic verb, but is rather a general motion verb that means 'to walk, move, go' (Pokorny 1959 (Pokorny -1969 . This indicates that the results of an ancestral state estimation analysis can never be interpreted without the linguistic knowledge that we have about these languages, such as the presence of (reconstructed) deictic verbs that are crucial for these two constructions.
Separate ancestral state estimation analyses for the major Indo-European subgroups Germanic, Romance, Balto-Slavic and Indo-Iranian were conducted as well. The results are presented in Table 2 , in which the median of the ancestral state estimation analyses over all 1,000 trees in the sample is provided first, followed by the range of ancestral state estimations in parentheses. The scores on the 1st PC and the median of the ancestral values estimated for the score on the 1st PC for Germanic, Romance, Balto-Slavic, Indo-Iranian and Proto-Indo-European have been placed upon the maximum clade credibility tree in Figure 5 . To test how robust these results are, additional ancestral state estimation analyses were conducted. The first robustness test was performed to investigate whether the estimated ancestral state for Proto-Indo-European would shift when information on ancient languages was incorporated. To this end, the 1,000 phylogenetic tree sample from Bouckaert et al. (2012) was pruned again to include four ancient languages: Classical Armenian, Ancient Greek, Vedic Sanskrit and Latin (see the maximum clade credibility tree in Appendix 3). Since there are no translations of the two novels that form the parallel corpus on which this study is based in these four ancient languages, it is only possible here to provide an approximation of the behavior of these ancient languages on the measures used in this article, which is based on the literature described in Section 2. This was done by assigning each of these ancient languages the scores of one of the modern languages that it is claimed to resemble. This procedure is of course almost entirely arbitrary, as it can only provide a very tentative characterization of motion event encoding in these four ancient Indo-European languages. However, it serves as an illustration of the way in which contemporary and ancient data (when available) may be integrated in future work. Classical Armenian has been described as verb-framed (Wälchli 2009: 215) , and therefore it seemed appropriate to assign Classical Armenian the same values as Modern Armenian. In Section 2, the manner-salient nature of Homeric Greek and Vedic Sanskrit, which featured freely moving preverbs, and Latin, which possessed a fully productive set of path prefixes, has been discussed to some extent. I assigned these three ancient languages the values of German, which is clearly manner-salient, but not as radically as some of the Balto-Slavic languages. The results of the ancestral state estimation analyses on the tree sample that incorporated these four ancient Indo-European languages are presented in Table 3 . Table 3 indicates that the estimates for Proto-Indo-European, compared with those in Table 1 , become oriented slightly towards the manner-salient end of the Talmian scale. The satellite-framed construction is used slightly more often (0.31 compared with 0.26 in Table 1 ) and the score on the 1st PC is slightly higher (0.06 compared with -0.001 in Table 1 ). However, compared with the mean values in Appendix 2, the estimation is still intermediary: the score on the 1st PC (0.06 compared with 0.05) is still in the middle of the Talmian scale, although it is now on the manner-salient side of the scale. The same applies for the values for the satellite-framed construction and the path-only construction. A second robustness test was conducted by doing ancestral state estimation on four different phylogenetic trees. This is useful because there is uncertainty about the higher-order subgrouping of Indo-European. Testing whether different higher-order subgroupings affect the ancestral state estimations allows us to assess if the intermediary estimation for Proto-Indo-European is a robust result or whether it is caused by the specific higher-order subgrouping of Indo-European present in the current tree sample.
The following four trees were used for this robustness test. Three of the trees were maximum clade credibility trees, constructed using subsets of the tree sample used by Dunn et al. (2011) . This tree sample is based on a slightly older version of the cognate data used by Bouckaert et al. (2012) . Since this tree sample includes more varied tree topologies, several maximum clade credibility trees were used for additional ancestral state estimation analyses. These included: (i) the full tree set (built from the full set of 1,000 trees), (ii) the sample of trees in which BaltoSlavic and Germanic form a clade (built from the 21 trees in which this subgroup existed), and (iii) the sample of trees in which Balto-Slavic and Romance form a clade (built from the 32 trees in which this subgroup existed). The fourth tree is the best phylogenetic tree of the Indo-European language family presented in Nakhleh, Ringe & Warnow (2005) , their "tree A". These four phylogenetic trees are visually presented in Appendix 3.
The results of these analyses are presented in Table 4 , which gives an overview of the estimated ancestral states for Proto-Indo-European, using the scores on the 1st PC and the 2nd PC and the proportion of the most frequently used motion encoding constructions as measures. A comparison between the estimates in Table 4 to the ranges presented in Table 1 indicates that the use of these different phylogenetic tree topologies results in an intermediary/manner-salient estimation for Proto-Indo-European. The score on the 1st PC is still intermediary but is now oriented towards the manner-salient end of the scale (0.07-0.10, compared with -0.001 in Table 1 ). The scores on the satellite-framed construction are also higher (0.33-0.34, compared with 0.26 in Table 1 ), and the scores on the path-only construction are lower (0.28-0.31, compared with 0.33 in Table 1 ). However, this is by no means a very radical shift: these values suggest that Proto-Indo-European is positioned somewhere between English, the least radical manner-salient language in the current sample, and Greek, the least radical path-salient language in the current sample (see also Figure 1 ). This indicates that the results presented in Table 1 are quite robust: different higher-order subgroupings of Indo-European do not have a large impact on the intermediary ancestral state estimate that was found for Proto-Indo-European. To test for areal patterns in the data, a partial Mantel test was carried out. The results of this test suggest that there is no positive correlation between the score on the 1st PC and the distance between the nations' capitals (R = -0.08, p = 0.90). These findings suggest that languages that are spoken more closely to each other are not more similar because of their spatial proximity.
Discussion
Interpreting the ancestral state estimation analysis
Using maximum likelihood ancestral state estimation analysis, I inferred the motion event encoding patterns of Proto-Indo-European as well as the ancestors of four large subgroups (Proto-Germanic, Proto-Romance, Proto-Balto-Slavic and Proto-Indo-Iranian). Ancestral state estimation of Proto-Indo-European indicates that the root of the Indo-European language family can be placed somewhere in the middle of the scale between path-salient and manner-salient languages. Robustness tests indicated that even though the estimated value is intermediary, it is oriented slightly towards the manner-salient end of the scale. How can this result be assessed in terms of what we know about the history of the preverb systems of these languages and the phylogenetic comparative method that was used?
The link between the scores and inferences presented in Tables 1-4, Figure 5 and the description of changes in the Proto-Indo-European preverb system as presented in Section 2 is clear. Those subgroups in which the Proto-Indo-European preverb system has been retained in the form of a productive set of path prefixes or particles, i.e. Germanic and Balto-Slavic, are manner-salient. Note, however, that the ancestral state estimate for Proto-Balto-Slavic presented in Table 2 and Figure 5 is 0.14, which seems to indicate a less manner-salient character as ProtoGermanic (0.19) . This is due to the mixed or even path-salient nature of SerboCroatian, which is discussed further below. In contrast, the subgroups for which we have some evidence that this system was lost due to increasing unproductivity and the univerbation of prefixes with verb roots, i.e. Romance, Indo-Iranian, Greek and Albanian, are path-salient.
In Section 2, two hypotheses with regard to motion event encoding in ProtoIndo-European were put forward. On the one hand, Talmy (2007) and Acedo Matellán & Mateu (2008) have proposed that Proto-Indo-European was satelliteframed. On the other hand, the review of the historical evidence from ancient Indo-European languages indicated that although all ancient Indo-European languagescould use the satellite-framed construction, this strategy might not have been the construction that was used most often (Brucale 2011 , Brucale, Iacobini & Mocciaro 2011 , Brosch 2013 . The review of the historical-comparative data thus suggests that Proto-Indo-European was typologically mixed. Since the ancestral state estimation analyses indicate that Proto-Indo-European was mixed, but placed on the manner-salient side of the Talmian scale, they provide more support for the second hypothesis. Given these findings and the evidence from the historical record of ancient Indo-European languages, it seems clear that Proto-IndoEuropean was not manner-salient on the same level as the Germanic and most of the Balto-Slavic languages; rather, it had a mixed typological nature.
The estimated mixed motion event encoding system for Proto-Indo-European could in part be ascribed to the method used for ancestral state estimation. The maximum likelihood analysis conducted in this study has a tendency to return intermediate values:
A maximum-likelihood estimate of an ancestor state for a continuous trait is simply a weighted average of the dimensions of the extant species at the tips of the tree (eq. [4] ). Reconstructed ancestor states will tend to be intermediate for this reason.
[…] This analysis suggests that ancestor reconstructions for continuous traits are often too variable to be of much use, except to place ancestor sizes within broad limits. (Schluter et al. 1997 (Schluter et al. : 1706 Because of this characteristic of the method that was used, the current ancestral state estimation for Proto-Indo-European may be skewed to the middle of the Talmian scale. However, the intermediate estimate for Proto-Indo-European is in line with the historical-comparative information reviewed in Section 2. Given the current findings and the historical-comparative record, Proto-Indo-European could in fact be a language that once was highly manner-salient but that was already losing the productivity of the preverb system. Some indications that this might be true have already been given in Section 2. More evidence can be found in the idiomatic meanings of preverb-verb combinations. Whitney (1879: 352) notes that preverb-verb combinations in Vedic Sanskrit may undergo a shift in meaning, although it is never so radical that the change cannot be related to the basic meanings of the preverb and the verb (see also Ringe 2006: 58-59) . Danesi (2013: 62) gives several examples of preverb-verb idioms, including the preverb-verb combination prá vac 'to announce, proclaim' , from prá 'forward, fore' and vac 'to speak' . It seems clear that even though the preverb system was highly productive in the Rigveda, a process of lexicalization or univerbation in which the meaning of the preverb-verb combination was no longer transparent was already taking place.
Other evidence for this claim can be found in the etymology of Romance path verbs. These etymologies indicate that several preverb-verb univerbations were already completed in Latin, and the Romance languages only continued further on this path of univerbation. This seems to have been the case for the most common path verbs, such as French approcher 'approach' , arriver 'arrive' , descendre 'come down' , entrer 'enter' , and retourner 'return' (Brachet 1882) and their cognates in the other Romance languages. This might indicate that the preverb system that could be used for satellite-framed motion event encoding constructions was very widespread in Proto-Indo-European, but its productivity may already have been declining as Proto-Indo-European split up to give rise to the major Indo-European subgroups.
The hypothesis that Proto-Indo-European was satellite-framed or manner-salient (Talmy 2007 , Acedo Matellán & Mateu 2008 ) is based only on the availability of the satellite-framed construction in all the ancient Indo-European languages. However, only information on how often this construction and other motion event encoding constructions are used can shed light on Proto-Indo-European motion event encoding. Although the choice was made to use contemporary data in combination with phylogenetic comparative methods in this article, corpus studies of individual ancient Indo-European languages and comparative parallel corpus studies should be conducted in the future to shed further light on change in motion event encoding in the Indo-European language family.
A possible explanation and further theoretical implications
It is clear that there exists a relationship between having manner-salient motion event encoding and having a productive system of adverbial path particles. While there is a potential good explanation for this -as long as the system of path encoding verbal prefixes is in place, the verb is "free" to encode manner -it is not entirely clear why certain Indo-European subgroups have lost this productive verbal prefix system while others have not. Balto-Slavic and Germanic have both retained an unmarked way to productively form the satellite-framed construction: Balto-Slavic through its case system and its system of verbal prefixes and prepositions, and Germanic through its system of verbal prefixes and prepositions. However, this does not explain why the Romance languages do not have a system of verbal prefixes or why Albanian did not simply continue to add new verbal prefixes as the original prefixes began to start to merge with verb roots (as the Germanic languages did, Goetz 2006) . Why did Germanic and Balto-Slavic not lose the productivity of the verbal path prefix system, if the univerbation processes that affected Indo-Iranian, Romance, Albanian and Armenian were already attested in Proto-Indo-European?
One potential scenario that could explain this pattern might be contact. The partial Mantel test reported on in Section 5 did not yield any significant results, but this does not exclude the possibility that contact might have affected motion event encoding in the current sample. Wälchli (2009: 214) proposed that the distribution of manner-saliency, investigated by him through verb choice in a parallel corpus of the Gospel according to Mark, is mostly limited to North and Central Europe. Manner-saliency is less common than path-saliency in Wälchli's sample, and this is also evident from the motion event encoding literature as a whole. The mannersalient area in North and Central Europe includes the Germanic languages, the Balto-Slavic languages, several Finno-Ugric languages (Estonian, Finnish, and Hungarian), several Daghestanian languages (including Lezgian) and Georgian. Most of these languages have a case system that is as extensive as that of the BaltoSlavic languages or far more extensive (except the majority of the Germanic languages). These languages all seem to be characterized by a motion encoding system in which path is typically not encoded on the verb but on verbal prefixes and cases. It might be the case that only the close proximity of these languages has allowed them to retain this system of motion event encoding, i.e. that without this areal effect all Indo-European languages would have been path-salient.
The existence of a manner-salient area in North and Central Europe could also potentially explain Irish and Serbo-Croatian motion event encoding. Irish has lost its verbal path prefixes, unlike the majority of the Germanic and Balto-Slavic languages, but is still manner-salient. Its geographical location close to English might have prevented Irish from becoming more path-salient. To investigate this further we would need to compare Irish with the other Celtic languages. 3 Serbo-Croatian is currently undergoing the univerbation process: Serbo-Croatian's verbal prefixes have been merging with the deictic verb ići 'to go' to create a range of path verbs. Serbo-Croatian therefore seems to be currently in the process of becoming a path-salient language, using the satellite-framed construction less often and the path-only construction and verb-framed construction more often. The reason that Serbo-Croatian is going through this process might be due to its southern location. However, Serbo-Croatian is the only South Slavic language in my sample; a comparison with Macedonian, Bulgarian and Slovenian should be made in order to see whether the same process is currently affecting these languages as well. Further investigation into the similarities and histories of the motion event encoding systems of the languages that are part of this manner-salient area, as well as those that are outside of it, might uncover whether the contact hypothesis is valid or not.
We have seen that change in the motion event encoding system in IndoEuropean can be explained at least in part by the first of Croft et al. (2010) 's grammaticalization pathways (cf. 3a). Verbs and satellites have merged in all IndoEuropean subgroups. In addition, coordination is more common in path-salient and non-manner-salient languages as it is in manner-salient languages, suggesting that coordination is a proper mechanism to code manner and path information in one sentence if the satellite-framed construction is not preferred. However, it is also clear that Croft et al. 's (2010) grammaticalization pathways do not describe all the changes that might occur. The two grammaticalization pathways proposed both start with coordination, suggesting that all types of satellites should arise from verbs. This is not true, as path satellites do not necessarily arise from verbs (Lehmann 1985 , Stevens 1992 , although in some cases they do (Crapo 1970) . A full description of all the different grammaticalization pathways that are possible would be needed to characterize change in motion event encoding completely.
Conclusion
The ancestral state estimation analysis conducted in this article indicates that Proto-Indo-European motion event encoding can be placed in the middle of the Talmian scale, with a slight tendency towards the manner-salient end of the scale. This result supports the picture of Proto-Indo-European motion event encoding that has emerged from studies of Classical Latin (Brucale 2011 , Brucale, Iacobini & Mocciaro 2011 and Hittite (Brosch 2013) , idiomatic meanings of preverb-verb combinations in ancient Indo-European languages, etymologies of Romance path verbs, and other historical-comparative evidence.
In the future, different phylogenetic methods that incorporate additional information about change in this domain may be used to further investigate the hypothesis that Proto-Indo-European is manner salient. For instance, an analysis could be used that takes into account information on the attested directionality of linguistic change in the preverb system. A promising method to gather information on the usage of motion event encoding constructions could be original text typology (Wälchli 2009 , Haig, Schnell & Wegener 2011 , in which linguistic features are investigated using their occurrence and distribution in native texts, instead of in grammars or parallel texts. Such a study could take into account data from contemporary and ancient corpora at the same time.
An analysis that incorporates this additional information may potentially still generate a classification of Proto-Indo-European that is more in line with the claims by Acedo Matellán & Mateu (2008) and Talmy (2007) . However, the claim put forward in this article is that the productivity of the preverb system used for satellite-framed motion event encoding constructions was already declining in Proto-Indo-European, i.e. that Proto-Indo-European had an intermediary or mixed system of motion event coding. This seems valid both in light of the ancestral state estimation analysis conducted in this article and in light of several other types of evidence discussed in Sections 2 and 6. In this scenario, Germanic and Balto-Slavic might have been able to become more manner-salient over time due to contact with surrounding manner-salient languages.
Motion event encoding is a very specific semantic and syntactic subdomain. However, the building blocks that are used in the different syntactic constructions are very general: verbs, adverbs, adpositions, case markers, etc. Therefore, it seems clear that change in motion event encoding is dependent on grammatical change in various parts of the grammar. However, the way these different grammatical subsystems interact is unique for motion event encoding. The challenge in discovering the principles that govern change in this domain is to find out how large-scale grammatical changes, such as the merging of preverbs and verb roots or the loss or emergence of case systems, interact to give rise to the diversity of motion event encoding systems. It will be a continuing challenge to identify, describe, and analyze these principles as they are encountered in different languages across the globe.
Notes
1. The maximum possible λ values, given the phylogenetic trees in the current sample, ranged from 1.09 to 1.28.
2.
The estimated λ should be tested to be significantly different from a model in which λ is set to have the maximum possible value of λ given the phylogenetic tree, not simply to be significantly different from a model in which λ=1. However, the true maximum values could not be used as maximum possible λ values, as they are not accepted by the corPagel function from the R package ape (Paradis, Claude & Strimmer 2004) . This function only accepts fixed values for λ between 0 and 1.
3.
The parallel corpus also includes a Breton translation of Alice's Adventures in Wonderland that was not included in the current dataset. A comparison of the Breton translation with the other twenty translations indicates that Breton behaves very similar to Irish. This is unexpected, as one would expect Breton to be influenced by French to a much larger extent than is suggested by this comparison. Further investigations may be able to shed more light on potential contact influences on Celtic motion event encoding.
(2) Galatians 2. 
